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INTRODUCT ION 
The b io l ogi c a l  effec t s  of s p i l lage of hydroc ar b o n  o i l s 
i nt o  t he oc e an have b e en r ep ort ed s inc e early the 1 9 2 0's 
( Ru s ht on , 192 3; Ort on , 192 5; Ro b er t s , 1 9 2 6 ) .  The wr e ck o f  the 
Torr ey Canyon in 196 7 ,  gr eat ly s t imul at ed r e s e ar c h  on oil p 
lut i on in the aquat i c  e nvir onment . 
Many o rgan i sm ar e adv er s ely c t ed by s p i  o f  oil . 
The wre c k  o f  the Tamp o Maru o ff t he coa s t  o f  Baja C alifornia, 
Mexi c o  1 95 7 •'c r e at ed a s it uat i o n  wher e a c omp e nat 
ar ea wa s a lmo s t  t o t a l l y  d e s tr o y ed s udd enly o n  a large s c a l e  . . 
Amo ng dead s pe c i e s  w er e  lob s t er s , abalone , s ea urc hin s , 
s tar f i s h ,  mus s e l s , c lams a nd ho s t s  o f  s ma l l e r  forms . '' ( North, 
1 9 6 7) .  A c cor ding to Blumer e t  al . ( 1 9 7 1 ) c rude 1 and p o-
l e um produc t s  c many s ub s t an c e s  t hat are  o nous t o  a 
ty  of marine organi sms . 
Near ly t y pe s  crude and 1 s ar e s u s c i b l e  
t o  micr ob S eeding 
s micr oorgani sms t o  c le an up o s cks 
e c t  t o  1 p o l  l em; 
s ubje c t  l e  r e s ear ch. 
fe c t s  mi crob 
has b e en r only 
erme diat e pr o du c t s  o f  o:Ll d egradat i on are 
( Br o wn and ' 1 9 6 9 ) . us e o f  mi 
b e  a fea s ib l e  s o lu t i o n  t o  o i l  p o l lut ion pro b  
are a s w i t h  
b e  a p r o -
i s  now a 
t s  ar e s t:L 
s ome of t 
c t o  s h  
sms i s  t o  
, the 
f e c t s  o f  o i l degradat i on pr oduc t s  on p l ant and animal 
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sho uld so be inve s t i ga t ed , 6therwi s e  we mi ght jus t b e  ex-
c hanging one  t ox i c ant for another . 
S TATEMENT OF PROBLEM 
The p rimary obje c t iv e  of t h i s  r e s e ar ch wa s to pro vide in­
format ion o n  the r e lative t oxic i t y  o f  di e s e l o i l  ( No .  2 fue l 
o i l) and t he mi c r o b i a l  degr adat i on pr odu c t s  of  this  fuel o n  
mar ine phy t op lankt o n. The s e  organisms c ompri s e  an e s s ent i a l  
e l ement o f  t he mar ine food �eb . An a s s e s sment o f  the e ffe c t s  
o f  o i l  p o l l ution o n  the gr owth and pho t o synt he s i s o f  mar ine 
p hy top lankt o n  was det ermined in the labor at or y . 
LITERATURE REVIEW 
Ther e has b e en a g o o d  dea l  o f  re s e ar ch on the e ff e c t s o f  
o i l  and oil produ c t s  o n  organi sms s u c h  a s  b ir d s  ( Denn i s, 1 95 9; 
Hart ung, 1 9 6 3; Hartung, 1 9 6 7 ) , f i s h  (Turnb ul l e t  a l . ,  1954;  
Ne l s on-Smit h, 1 9 7 0; K�hnho ld, 1 9 7 0 )  and b ent h i c inver t ebr a t e s  
( Ga l t s o ff e al . ,  1 9 35; Hawke s ,  19 6 1; Tegel.b er g, 1 9 6 4; Blumer 
et a l., 19 7 0; We l l s, 1 9 7 2 ) .  Ther e have a l s o  b e en s ome rep o r t s  
ab o ut t h e  e c t s o f  o i l  p o l lut i on on mac rophyt i c  a lgae 
(George, 1 9 6 1; Nor t h  e , 1 9 6 4; Ranw e l l, 1 9 6 8; N e l s on- Smith, 
19 6 8a; Craigie  and McLachlan, 19 7 0; F o s t er e t  a l. ,  1 9 7 1 ) , b ut 
o n ly a few pap er s  have dealt dir e c t ly with t he e ff e c t s  of o i l  
o n  p hy t op lankt on ( Ga lt s o ff e t  a l . ,  1 9 35; Lac a z e, 1 9 6 9; Nuz z i,  
1 9 7 3; G ordon and Pr ous e, 1 9 7 3 ) . 
Ef fe cts of Oi l o n  Macrophy t i c  Algae: 
b ut the s imp le s t  anima l s ,  s eawe eds affec t e d  
a large o i l  s p  ar e l ike ly t o  s how l e s s  long-t erm damage . 
Many s p e c  s o f  marine a lgae are r e s i s t ant t o  o i l  p o l lut i on 
b e c aus e o f  their s limy t e xt ure . The o b s ervat mad e  by  
( 1 9 f o l lowing an o i l  s p  l M i l fo r d  Haven, Uni t e d  Kingdom 
s howed that the inter t i da l  algae P e lve t ia c a and 
----·---
s were una ffe c t ed and had c ont t o  grow a t  a --=--·--
norma l rat e. Over a two month p er i o d  llowing t h e  l arge 
o f  Bunker C o i l  in  Chedabu c t o  Bay, Nova S c o t i a, no s igni 
change s in the c o n c entr at ion o f  the l i t t or a lgae 
F. s erratus,  F .  
i 
v e s  
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obs erved ( Cr a igie and Mc La c hl�n , 1 9 7 0) .  On Santa Cru z  I s l and 
in the Sant a Barbara Chann e l ,  sp i l t  c rude o i l  c overing the 
s urfa c e  c anopy of the  ke lp Mac ro c y s t i s  pyrifer a  was e asily 
wa shed off by wa t er movement ( St raughan , 1 9 7 1 , quot ed b y  But­
ler and Ber l e s , 1 9 7 2) ,  wher eas t he sma l l er a lga He s p e r ophy c us 
harveyanus , whi c h  do e s  not  have the s l imy t ext ure on t he o ut­
er s urfac e ,  wa s heavi ly o i l ed and di s ap p eared from t h e  r o ck s  
(Anonymou s , 1 9 6 9) .  Some s p e c i e s  in t wo genera o f  gre en al­
gae , Ent eromorpha and Ulva , app e ar to  be  par t i c ularly immune 
t o  1 p o l lut i o n  ( Fo s t er et al. , 1 9 7 1); the former is  a l s o 
r e p or t ed t o  b e  s uc c e s s fu l  in ar e a s  t he B l a ck S e a  s uffer ing 
from c hro ni c o i l  p o l lut ion . In the Torrey Cany on di s a s t e r  
algal f lora on rocky s hor e s  s uf fer ed ext ens i ve mor t a l i ty f r om 
oi l- smo thering ( Ranw ell , 1 9 6 8) ,  and t he de c o lorizat or d e­
ve lopment o f  abnormal t int s in Ulva , P orphyra and o t her r e d  
a lgae was n o t  ed ( O ' Sul l ivan and Ri chards on , 1 9 6 7; N e  o n-
Smi t h , 1 9 6 8 a) .  er t h e  s tranding o f  the Tamp 
1 9 5 7  during w_hi c h  8 0 0 0  t ons of e s e l  o i l  was ace 
re ed int o a s ma l l  c ove , ne ar ly all the s hore a l ga e  w e r e  
s er ious ly c t ed ( Nor t h  a l . ,  1 9 64) .  
Effe c t s  o f  Oil o n  Phy t op lankt o n : 
S in c e the s tr ib ut i o n  o f  p hytop l ankt on c e and t 
i s  pat chy , wide s p re ad morta l i t y  b y  o i l  p o l  ion , i f  any , 
wo uld be di ffi c u l t  t o  a s c ert ain . Fi e ld ob s er vat i o n s , unl 
lab or at ory s t udi e s , indi c a t ed lj.t t le damage t o  phy t o p lankt on 
by oil s pil l s  Dur ing the  Tor rey Cany on inc ident o n ly s 
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phy t op on mort s were r eport e d  ( Smi t h, 1 9 6 8 ) . Af-
ter the Santa Barbara sp phytoplankton ud i e s  a l s o 
to any effect of 1 p o llution (Kolpack, 1970). 
Mc Cauley (1.966) found tha t many plankters (Lyngb y, 
st erium 
Merid i o n, 
t o l  
po even during p er iod of highe s t  o i l  c onc e n-
tration Muddy , Massachu s ts, b ut b el 
the more s ens sp e c ie s b e en ed 
r e s ear c h  on the e cts o f  o i l  on 
t o n  
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very s en s i t ive  t o  ker o s in e  and fue l  o i l , whi c h  wer e t oxic  a f­
t er 2 4  hr at 1 0 0 ppm or l e s s . Me l o s ira forms and Gram­
mat op hora mar ina t o ler at e d  c onc entrat i o n s  o f  o i l  up t o  1% 
though lower leve l s  s uppr e s s ed t he growth o f  t he c ult ures 
(Mir onov and Lans kaja , 1 9 6 7, quo t e d  b y  Ne ls on- Smith , 1 9 7 0 ) . 
La c a z e  ( 1 9 6 9 ) d e t e rmined t he e ffe c t s  o f  a wat er extr a c t  
o f  Kuwa i t  c rude o i l  and a n  ant i-p etro l eum emul s i fy ing agent , 
Gamo s o l , on  Pha e o da c ty lum c o rnut um .  Both the extract  and 
the G amo s o l  wer e fo und to inhib i t  the gr owth o f  t he d i atom 
und er labor at ory c o ndi t io n s . 
Working in the  lab o r at ory , Nuz z i  ( 1 9 7 3 ) s t udied t he e f-
fe c t s  o f  wat er s o lub l e  extrac t s o f  1 on  mar ine p hy t op lank-
t o n� 
inhib 
Wat e r  s o l ub le  s ub s t anc e s  extrac t ed from No . 2 fue l o i l  
e d  c o mp l e t e ly t he gr owt h o f  Chl or e l l a  s p . ,  P .  t r  o r -
nut um and S ke l e t onema c o  atum. Growt h  o f  a 
s p e c i e s  wa s not affe c t ed b y  the extr ac t . He a l s o con c lud e d  
that extr a c t s  fr om No. 6 fue l o i l  and outb oar d  mot or o i l  had 
l i t t l e  e ff e c t  o n  t he s e  s p e c i e s  of marine phy t op lankt o n. 
c ontr a s t  t o  t he above finding s , Cro s b y  e t  a l . ( 1 95 4 ) 
inv e s t i gat e d  the gr owth o f  b a c t eria , fungi and alga e  in 
a brackish o i  finery e ffluent . The y  fo und t hat 2 5 0 p pm 
naphtheni c a c i d , intro duc ed in an att emp t  t o  c ontr o l  the s lime , 
s t imula t e d  s growt h b y  ab 15% . 
Effe cts of O i l  o n  Phot o s ynthes  
O i l s  c o ns i s t ent ly r educ e  the  rat e o f  pho t o s ynth e s  
(Baker , 1 9 71 ) . The amo unt o f  r e duc t i on var i e s  with t yp e  and 
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amount o f  o i l  and s p e c i e s  o f  p l ant . A 0 . 1% emuls i on of  d i e s e l  
o i l  a lmo s t  c omp l e t e l y  i nh ib i t ed pho t o s ynthe s i s  i n  y o ung b lad e s  
o f  Macr o cy s t i s  pyr i fera ( North e t  al . ,  1 9 6 4 ) . The e ffec t  ap ­
p ear ed in t hr e e  day s , a l t hough irrever s ib l e  damage w a s  c au s ed 
b y  exp o s ing the s e  p lant s t o  the o i l  for 6 - 1 2 hr . A 0 . 01% emul­
s io n  inhi b i t ed p ho t o s ynthe s i s  a ft er a de lay of 7 day s . Fuel  
oil  wa s even mor e  t ox i c . In ano ther s tudy , Clendenning and 
North ( 1 9 6 0 ) s howe d  that 1 0- 1 0 0  ppm o f  fue l o i l  c aus e d  a 5 0% 
ina c t ivat io n o f  p ho t o s ynth e s i s  o f  M .  pyr i fera in four day s . 
S imi lar r e s ult s wer e o b t ained w i th 5 - 1 0  ppm cr e s o l  and 1 0  p pm 
phenol over the s ame t ime p e r i o d . G or don and Prous e ( 1 9 7 3 )  
s tudi e d  t he e ff e c t  o f  o i l  o n  t he pho t o s ynthe s i s o f  natur a l  
mar ine phy t op lankt on c ornmunit i e s . They found t hat No . 2 fue l 
o i l  wa s mor e  t ox i c t o  p hy t oplankt on phot o s y nt he s i s  t han Vene­
zue lan crude and No- 6 fue l oi l . In s p i t e  o f  the inhib ory 
e ffe c t  o f  oil  on pho t o s y nthe s i s  b e ing r epor t ed , gre en algae 
coated with  Torr e y  Cany on o i l  no t tr eat ed with an emu l s  
f i e r  r emained gre en and b ub b l e s  t rap p e d  i n  t he part o i l  
lm indi c at ed t hat they wer e p ho to s ynthes izing ( Ne l s on-Smith , 
l 9 6 8 b ) .  
The c aus e o f  inhib i t ion o f  phot o synthe s b y  o il i s  n o t  
c l ear . I t  i s  s ugge s t  fr om exp s wi t h  b eet c e  s ( Van 
Overb e ek and B l andeau , 1 9 5 4 ) and Amo ( Mar shland , 1 933; 
G o ldacr e , 1 9 6 8 ) that the lower hydro c arb ons 1 he xane , 
t ane , o c t ane , b enzene , t o luene , napht halene and pheno l have a 
nar c o t i c  e ffe c t  pr obab ly due t o  t he s o lub i li t y  i n  t he l i p i d  
phas e o f  the p l a sma membr ane o f  t he c e l l . The membr ane s 
t ure i s  t hus di s r up t e d s o  that i t  b e c ome s abnormal l y  p erme ab 
the c e l l  may t he n  e i ther swell and b ur s t  a t er r e s  
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p lant- s e  it s l i quid c o nt ent s , whi c h  l ead s t o  wi l t ing and 
death. Simi l ar di s tr up t i on o f  t h e  c h lo r o p la s t  may a c c ount for 
di s t urbanc e in pho t o s ynth e s  ( Ne l s on- Smith , 1 9 6 8a ) . Sc hr amm 
( 1 9 7 2 ) s t udi ed the  e f fe c t s  of a c oat ing o f  crude o i l  on t he 
co 2 up t ake b y  emer s ed mar ine a lgae. He fo und t he C0 2 up t ak e  
was mor e  or le s s  dep r e s s ed ,  dep ending o n  the thickn e s s o f  t he 
o i l  f i lm ( 0. 1 t o  0 . 0 0 0 1 mm ) and s ugge s t ed t hat o might a c t  
a s  a phys i c a l b ar r i er t o  gas exchange . O i l  may a l s o  a c t  p hy s -
ally  ab s orb ing l i ght wavel engt h s  e s s ent ial for pho t o synt he­
s i s . Rob ert s ( 1 9 2 6 ) gr ew the fre s hwat er p lant s Gro enlandi a  
Ranunc ulus aquat i l i s  and Cal l it riche p lay c arp a und er a 
thin f i lm ( 0 . 0 0 4  em ) o f  di ffer ent typ e s  o f  o i l . A l l  p lant s 
gr ew luxur i ant ly , s o  i t  s e ems t hat a t hin f i lm o f  o i l  do e s  not 
a b s orb enough to i nhib phot o s ynthes i s ,  
Ef fe c t s  o f  Mi c r ob Degradat i o n  Produ c t s  o f  O i l  o n  Wi ldl i 
An imp or tant and almo s t  t o t a l ly unexp lor ed et o f  t 
o i l  p prob  the  e f fe c t s  o f  i o n  pro d u c t s  
on w ild li f e . S everal c a c ids , l ip ids , e s t er s , oho l s , 
ke t one s , a l dehy d e s  and s ub s tanc e s  may r e s u lt fr om t he 
d e gr adat o i l  by mi c roorgani sms ( Ze b e l l , 1 9 4 6; Tr ee 
1 9 6 2; Mc Kenna and Kallio , 1 9 6 5  Davi s , 1 9 6 7 ) .  To d at e , i t  has 
b€en report ed by only Brown and cher ( 1 9 6 9 ) that s ome 
the int ermediat e produ c t s  of mi c r ob i a l  o i l  d e gr adat i o n  wer e  
t o x i c  t o  t wo sp e c i e s  of fre shwat er fi s h , Mo l l i ene s i s  lat 
_ _  ...___ __ 
and Gamb us i a  
MATERIALS AND METHODS 
Algal Sp e c i e s : 
The s p e c  a s s ay e d  i n  thi s inve s t i gat i o n  inc luded D una-
l i e l la ( WHOI c lone trDun") , a nake d  e e n  flage 
lat e;  Chl or e l la aut o trophi ca ( Indiana Univer s it y  #5 8 0) ,  a non­
mot i l e  uni c e l lu lar gr e e n  a lga; Pha eodac  lum tri  ornutum ( WHOI 
c l one "Pha e''), a p enna t e  diat om. P ur e  c ult ur e s  of t he s e  o r ­
gani sms were obt ained from Dr . Rob er t  Gul l i ard of  t h e  Woo d s  
Ho le  O c eanogr aphi c Ins t it ut e . 
Cul t ure Me dium: 
The a l ga e  were  gr own axenic a l ly i n  ha l f- s tr engt h med i um 
"ftl ( Gui l lar d , 1 9 73) . M e dium nr;2n wa s prep ar ed a s  f o l l o w s : 
NaN03 
NaH2 P04·H20 
Na 2 S i 03·9H 20 
Tr a c e  .me ta l s : -
Na 2·EDTA 
F e Cl3·6H 20 
CuS0 4·5H 20 
ZnS0 4 7H 20 
Co Cl2·6 H20 
MnCl 2·4H20 
Vi t amins : 
Thiamin·HCl 
Biot 
7 5  mg 
5 mg 
3 0  mg 
4 . 36 mg 
3 . 1 5  mg 
0 . 0 1 mg 
0 . 0 2 2  mg 
0. 0 1  mg 
0 . 8 1 mg 
0.0 0 6  mg 
0 . 5 ug 
0.5  ug 
*Seawat er to one l i t er 
1 0  
*In s t ant Oc e an ( s a l inity 30 pp t ) wa s u s ed i n  p la c e  o f  nat ura l  
s eawater. 
Growth Cond�t ions and Maintenance of St o c k  Cultur e s:  
The c ul t ur e s  wer  kep t in a growth c hamb e r  (Percival , Mod­
el MB5�·) and i l l umina t e d  b y  c ont i nuou s  f luor e s c ent l i ghts ( 30 0  
ft- c) at 2 0o±2 oc. 
St o ck c u l t ur e s  o f  the  a lgae were maint ained we e k ly b y  
t r ans ferr ing 5 0  m l  o f  o l d  cult ure s t o  5 0  m l  o f  new gr owth m e ­
di um c ont a ined i n  2 5 0  ml Erl enmey er f la s ks . 
Thr oughout thi s inve s t igat i on , a l l  cul t ur e s  wer e agit at ed 
daily for one hour on a p lat form shaker . Agit ation p revent ed 
a l gae from s et t ling the f la s k  and p ermi t t ed co2 t o  
fus e int o t h e  growth medi um .  
lut i ons wer e s t er i  z ed by  
Millipor e filter, 
The c u l t ur e  med i um and t e s t  s o­
l t r at i on t hr ough a 0.4 5  mi c r o n  
Wat er So lub l e  Ext r a c t  o f  Die s e l  0 
Dur ing the init s t ud i e s ,  p ur e  d i e s e l  oil wa s us ed in 
exp eriment s and wa s found t o  be  uns at fa c t or y  r e­
s e ar c h. It was ermined t hat p ur e  s fue l  formed o i l  
g lobule s the medium and c omp le t e ly o r  par t i a l ly c o at ed the  
c s ther eby int erfering with t he s p e c tropho t ometr i c  mea s ure­
ment s . To e liminat e thi s p rob l em ,  a wa t er extrac t o f  the 
s el fue l  wa s us e d  i n s t ead of  t he pure o i l. 
The wa t er s o l ub l e  extract  was p r e p ared b y  s t irring t o -
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get her s e l  o i l  and c ult ur e  med i um i n  a rat i o  of 1 : 1 0 0 for 
24 hr . The method c ons i s t e d  of s t irring with a magnet i c  
s t  at a rat e t hat pro duc ed a n  o i l  vor t ex whi ch wa s never 
gr e at er t han 5 0% of t he s o lut ion dept h .  Car e was t ak e n  no t 
to pro duc e an emuls ion . The wat e r  s oluble extrac t ( c on s id­
er e d  a s  1 0 0% ) wa s t he n  d i l ut ed w i t h  c ul t ur e  med ium t o  y i e ld 
the de sir e d  c o nc entrat i o ns - a% , 1 0% , 2 5% ,  5 0% ,  7 5% and 1 0 0% . 
A s imi lar extr ac t i on method wa s u s e d  by Boy l an and Tr i p p  
(1 9 7 1 )  t o  s t udy the c ompound s  pr e s ent i n  s e awat er extract s o f  
crude oil . 
order t o  e lu c idat e the c amp o i o n  o f  t he wat e r  e x-
us ed this inve s t i ga t ion , s ubsamp l e s  were p r e p ared for 
analy s is by gas - li quid c hroma t o gr ap hy . For t hi s  analy s i s  a 
Hewl e t t  P ac kar d Model 5 7 5 0  Re s ear c h  Chromat o gr aph wa s us  
Bac t er l Degradat ion Pro du c t s  o f  Di e s  Oi l: 
The b er degr adat ion pr oduc t s  o f  s e l o il wer e  
s upp l i  Dr. c hard , SUNY C o l l ege at 
A c o nt inuous c u l t ure t e  emp loy i ng 
Ontar wa s u s ed to d e gr ad e  
St arr , 1 9 7 3 ) .  Effluent s ( c ons 
d i e s e l  o i l  ( 
ed a s  10 0% ) o f  d 
o f  t h i s  fue l wer e c olle c t e d  at t h e  end o f  the l lowing er -
val s :  0 t o  2 1 1  hr , 2 1 1  t o  4 2 4  hr , and 4 2 4  t o  6 2 8  hr . The s e  
t ime p er are approximat ely o ne w e e k  The c o  c t ed 
e ff luent s wer e e nriched with  Ins ta nt O c e an and a c omp o s  
of miner a l s  us e d  i n  prep ar ing the  or i g inal algal c u l t ure me-
dium . For e ac h  of t he co t effluent s the  fo l lo wing c o n-
c entrat of b ac t erial  degr i on p r oduc t s  wer e p r  
1 2 
0% , 1 0% , 2 5% , 5 0% , 7 5% and 1 00% . 
Growth Studies : 
Growth studie s ,  in tr ip lic ate, for a l l  thre e  sp e c ie s  o f  
algae were c arried out in 1 2 5 ml Er l e nmey er f l a s k s . An ino c ­
ulum of 2 0 ml  o f  9 day sto c k  culture s  ( statio nary p hase ) was 
added to fla s ks c ontaining 30 ml of test so lut C ontr o l  
c ul t ur e s  ent ered s tationary pha s e  after 7 days . Growt h mea -
s ur ements wer e  mad e at ly intervals over 1 w e ek by det er -
mi.ning t d ensity ( O . D . )  at 5 9 0  nm ( C o l eman Junior 
Spec tropho tometer, Mode l  6/3 5 ) .  
A pilot s t udy wa s c o nducted to ermine t he wav e lengt h 
mea s ur ing the growth o f  the a l gae . Wave l engths, at 1 0  nm 
s, b e tw e en 4 8 0  and 6 3 0  nm wer e  i nve s tigat e d . Thi s  
s tudy s howed tha t  5 9 0  nm was in low e s t  r e gion the a b -
s orption s p e c trum f or a t hr e e  sp e c i e s  of a lgae . 
Monad (19 49 ) was the st to use i t hms t o  the b ase 
2 to c al e the  rate of  b a cter e s, 0 D 
s p t ed t ( day ) , this t 
y a c urve s lo p e  o f  whi c h  was the growth r ate ( nurn-
b er doub lings day ) of the rates for 
e a c h  were c omp are d with  t he c o l . s in-
ve s t  !I gr owth wa s e xpr ess ed as a p er c entage o f  c on-
tro l Gr o wt h  data wer e  process e d  with a Monr o e  C a l c  o r  
(Model 1 8 6 0) to ermine the o f  b e s t  fit us the 
s quare s  equat 
Ba c t  
o f  
c ontamination o f  test s was c eked at 
ime nt Bac t o  nutr i ent th ( Di o ) . 
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Dur ing the c ours e  of t hi s  inve s t igation i t  b e c ame imp o r ­
t ant t o  det ermine i f  the  m i crob i a l  d egrada t i o n  produ c t s  o f  
d i e s e l fue l c ould s upport he t er o t r op hic gr owt h  o f  t he alga e. 
Exp er iment a l  c o nd i t ions  were t he s ame f or thi s s t udy a s  for 
t he gr owth s tudi e s  c o ndu c t ed in the light exc ep t  that the s e  
c ultur e s  w ere ma i nt ained in darkne s s . The cultur e  flas ks wer e 
wrap p e d  w i t h  aluminum f o i l and p la c e d  i n  a c ar dboar d b ox c o n­
t ained in the  growth c hamb er. The b ox wa s p ar t ially c ove r e d  
wi th b la c k  p las t i c  whi c h  prevent e d  l i ght p enetrat i on but d i d  
no t pr event a ir e x change . Thi s  e xp er iment wa s c onduc t ed o ver 
a 12 day p er i od . Opt i c al dens i t y  wa s mea sur ed on the  6 t h  and 
1 2 th day . 
Pho t o s ynth e s i s  S t ud i e s:  
A c ar b on- 1 4  t e c hnique s imi lar t o  S t e emann-Ni e l s e n�s (19 5 2 
was us ed i n  the s e  s t udi e s .  P. t r i c ornutum was the o nly s p e-
c i e s  a s s ayed dur ing t he s e  e s . Op t i c a l  d ens ity mea sure-
ment s wer e t aken after c ulturing thi s  a lga f or 3 6  hr in t e s t  
s o lutions.  An  i no culum o f  1 mi c r o c ur i e  o f  14 c (New England 
Nuc lear Corp . as di s s o lv e d  NaH1 4 co3 1 ml amp oul e s) wa s 
ed t o  t he f la s k s  (1 2 5 ml Er lenmey er). The s e flas ks wer e s t op ­
p er e d  with  rub b er . The ino c ulat ed c u lture s wer e t h e n  inc u­
b at e d  on a s haker for 4 hr at r oom c ondit ion ( 2 0 0  f t - c , 2 3°C) . 
The t e s t  s o l ut i ons c ons i s t ed different c onc e ntrat i ons 
of wat er s o lub l e  extr a c t  (10% , 2 5% , 5 0% ,  7 5% ,  and 1 0 0%) a nd 
ba c t er i a l  d egrada t ion p r oduc t s  ( 2 5% , 5 0% and 1 0 0%) o f  di e s e l  
o i l . The p H  value of  t h e  t e s t  s o lut i ons r anged fr om 7.8  t o  
8 . 2 for t he s e  s t udi e s . 
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At t h e  end o f  4 ho ur s  the a lgae w er e  fixed wi t h  2 ml o f  
4 0% forma l in , t hen dupl i c at e 2 0 m l  a l i quo t s  o f  the c ultures 
w er e  f i l t er ed b y  low s uc t ion thr ough a 0 . 4 5  mi cron HA Mi l 
p o r e  fi l t er . 'rhe filt er s were wa s hed with 1 0  ml o f  5 x10- 3N 
HCl, 1 0  ml o f  di s t i l led wat er , dried , and t he radi o a c t ivi t y  
wa s c ount ed us i ng a low b ackgro und ga s - flow c o unt ing sy s t em 
(Nuc l ear - Ch i c ago , Model 11 5 2) . 
Thr oughout t hes e s t ud i es light and dark w ere u s ed. 
Light f la s k s  were s et up in dup l i cat e .  The net radi oac t i vi ty 
was o b t a in ed b y  s ub tr a c t ing dark i on from l ight fixa t i on 
o f  1 4 c .  T o  eliminat e t he effec t r es ing from a d i f fer en c e  
i n  c el l  c o nc entrat ion, radi oa c t ivity mea s ur ement s w er e  a dj 
ed for differenc e in optic al d ens i t y  o f  eac h  c ultur e . Car b on 
fixat ion mea s ur em ent s for 
the c o ntro l . thi s t 
t r eatment wer e  c ompar ed wi t h  
i on , l 4 c up t ake wa s r eport 
a s  a perc entage o f  t he c ontr ol . 
St at i s t i c al Analy s i s: 
S t ud ent's pair ed t - t es t  wa s us ed t o  analy ze dat a ob-
t he wa t er s olub l e  extra c t  s t ud i es thro ughout 
ob s ervat i o n  p er Wi t h  r es p ec t  t o  t h e  exp s invo 
the bac t d egr adat i o n  pr odu c t s  t es t s  w er e  p er 
the 3 t hrough 7 day r es ult s for D t er t i o l ec t a  C. 
on 
S t a t i s t  t es t s  w er e  no t p erformed on t h e  0 D. 
values f or the f ir s t  3 day s b ec aus e v er y  s imi lar growth r a t es 
b et ween t h e  c o ntro l s  and t he tr eatment s wer e  ob tai n ed . Re-
ing with t he 5th or 6th day O . D. values . 
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t h e  p ho t o s y nt he s i s  s t ud i e s  S t ud entts t - t e s t  was em­
p lo y e d  t o  analy z e  the radioact i v i t y  mea s ur ement s ob t ai ned . 
For 
RESULTS 
Ga s Chr omat o grap hy: 
F igur e  1 s hows t he gas c hr omat ogram o f  wat er s o lub le ex­
tr a c t  of di e s e l o i l . All  s t raight chain a lkan e s wer e i dent 
fi ed betwe e n  c 1 6  and C 2 6  ex c ep t  for C 1 7  and C 2 5· 
Growt h Studi e s : 
The r e s ult s o f  algal gr owth s tudi e s  in c ont inuou s  light 
ar e expr e s s ed in F igur e s  2 , 3 ,  4 ,  and 5. Value s for growt h 
rat e ar e present e d  in Tab l e s  1 ,  2 , 3 ,  and 4 .  S t ud ent's p a i r e d  
t - t e s t  was emp loy e d  t o  analy z e  t he d if ferenc e in gr owt h  b e­
tween the t r eatme nt s  and t he c o nt r o l. S t a t i s t i c a l  dat a ar e 
pr e s ent ed i n  Tabl e s  9 ,  1 0 , 11 , and 1 2 . 
The wat er s o lubl e extract o f  die s e l  o i l  s howed a s igni ­
fi cant inhi b i tory effe c t  o n  the growth of a l l  t hr e e  s p e c  s 
o f  phy t op lankt o n  t e s t ed (F ig. 2 a nd Tab l e  9 ) . The gr owth o f  
Duna l i e l la t er t i o le c t a  w a s  r e duc e d  b y  2 0  to  3 0% under the c on­
tro l (Fig. 2 and Tab le  1 )  wit hin the c o n c entr a t ion r ange s t ud­
i ed For ther e was 1 0% r et ardat i o n  
in groV\rt h i n  c omp ar i s on t o  the c ontr o l  (F ig . 2 and Tab le  1 )  
thr oughout t he t e s t c onc e ntrat i ons . At higher c o nc e ntrat i ons  
( 7 5% and 1 0 0% )  the growt h o f  tr i c ornut um wa s 
p re s s ed b y  ab out 1 0% with  r e s p e c t t o  the  c o nt r o l  (Fig. 2 and 
Tab l e  l ) ;  at  low e r  conc e ntrat i o n s  (1 0% , 2 5% , and 5 0% ) there 
wa s o nly l to 2% depr e s s i o n  in gr owt h  (F ig . 2 and Tab le l )  
Altho ugh t h e  inhib it ion o f  gr owt h  o f  P .  t r i c  um c aus e d  b y  
low c onc ent r at io ns o f  the  wat er s o lub l e  fra c t ion d i e s e l  o i l  
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wa s very s l ight , i t  wa s very s igni fi c ant s t at i s t i c ally ( Tab l e  
9). 
The effe c t  o f  b a c t er ia l  degr adat ion p r odu c t s  on t h e  
gr owth o f  D. t er t i o l e c t a , aut o t r op hi c a  and P .  tr i c or nut um 
ar e pr e s ent e d  in Figur e s  3 ,  4 ,  and 5 r e s p e c t ive ly. The pro­
duc t s c o ll e c t ed in the fir s t  we ek s howe d  no s ignif i c ant ef­
f e c t  on the growth o f  Q. t ert iol e c t a  ( Tab l e  2 and 1 0 ) ;  the 
effluent s o f  o i l  d egr adat i on c o l l e c t ed at a l at er t ime (2nd 
and 3rd we ek ) exhibi t e d  a s t imu lat ing e ff e c t  ( Fig . 3 ) . The 
2nd we 's e ffluent at 1 0% c onc entrat i on only s t imulat ed t he 
gr owth o f  D. t er i o l e c t a  by 3% ( Tab l e  2 ) , however , for t he 
c onc ent rat i o ns over 1 0% and fo r t he 3rd we ek's e ffluent t h e r e  
was 1 5  t o  3 0% ea s e  in  growt h  ( Fig . 3 and Tab le  2) . The 
bac t er d e gr adat i on produc t s  pr omoted the gr owth o f  c. 
autot rophic� b y  1 0  t o  3 0% (Fig. 4 and Tab le  3 )  within the  
conc entration r ange te  e d . The growth of  c ornutum was  
increas  1 0  t o  2 0% ( Fig . 5 and Tab l e  4 )  r e s u lt ing o m  t h e  
influenc e o f  2nd and 3 r d  w e ek's b ac t  al degr adat 
duc t s . For t we ts pro duc t ,  there was 5 to 8% 
pro-
creas e  in growth at 1 0% ,  2 5% and 1 0 0% c onc entr at ion ( Fig . 5 
and Tabl e 4) , but t here wa s no s igni fi c ant s t  e t 
at 5 0% and 7 5% c onc ent r at i on ( Tab le 4 and 1 2 ) .  Among the 
thr e e  s c o  e c t ed , the e ffluent obt  
1st  week s howed 
algae. 
l ea s t  s t imulat e c t  on  the 
er t he 
A p i lo t  s t udy wa s c o nduct ed t o  t e s t  the e f f e c t  o f  the 
inorgani c nutrient s us e d  inuous c u l t ur e  o f  o i l  degr 
ing bac t er o n  owt h  o f  D. t ert i o  c .  aut 
o f  
ca  
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and . tricornut um t he light . Bact erial  medium cont ained 
NH4 C l  (10 0  mg/1 ) ,  pho s pha t e  buffer ( 10 0  mg/ 1 ,  p H  7. 2 ) , and 
MgS 0 4 ( 10 mg/1) . The s e  mineral nutr i ent s wer e added t o  the 
r egular algal cul t ur e  medium and grow t h  was mea s ur e d  daily 
for a we ek . The r e s ul t s  o f  thi s  s t udy s howed t hat growth i n  
the enriched medium wa s t he s ame a s  t ha t  in t he contro l .  
The r e s ult s o f  gr owt h  s tudi e s  conduct ed i n  darkn e s s  are  
pr e s ent ed Tab l e  5 ,  6, a nd 7. C l e ar ly , t he bact er ia l  de-
gr adat i on p roduct s did not s upp ort growth of t he algae in 
darkne s s . The opt ical dens ity continue d  t o  decl ine over t h e  
12 day ob s ervat p er i o d. 
Throughout thi s inve s t igat i on b act eria l contami nat ion 
was checked at  the end of  each exp er iment . The re s ul t s  wer e 
found to b e  negat in e very cas e . 
P ho t o s ynthe s i s  Studi e s :  
The e ffect of wat er s o lub t o f  d i es oil on 1 4 c 
up t ake b y  P. indicat e d  Figure 6 a n d  Tab l e  8 .  
e s s i on l 4 c up 
only 4 0% depr e s s occurr ing at 1 0 0% co ncentrat ion wa s 
s i s t  s ignificant ( Tab l e  1 3) . 
Figure 7 i e s  the e f fect of bact erial 
pro duct s on 1 4 c up take . The dat a pr e s ent 
incr e a s e  1 4 c up take o ver the contro l ( 
s hows a 2 to  2 6% 
. 7 and Tab le  8 ) . 
Howe ver , t he s e  r e s ul t s were ana ly z ed s tat i s t ica l ly u s ing t he 
St udent's 
det ermined. 
e s t  ( Tab l e  1 3 ) and no s i gnificant e wa s 
Fig l .  Gas c hromat o gram o f  water so l uble  extract o f  d i e sel 
o i l. Normal alkane s  are ident i f i ed by numb ered 
p eaks. The numbers c orre s p ond to the length of the 
carb on cha in* 
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Fi g. 2. Effect of different co ncentrat ions of water 
s olub l e  extract of di e s e l  oil on the growth 
. of D .  t ertio l ect a (a), C. autotrophica ( • ) , 
P .  tricornut um (o). Growth i s  expre s s ed 
as a percent age of the contro l .  
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Tabl e 1 .  c t  of d i fferent c onc entrat ions o f  wat e r  
so lub l e  extr a c t  of e s e l  o i l  on the  grow t h  
of D. t ert i o l e c t a, C .  aut otr ophic a, and P .  
t r i cornutum . 
- -
Algal Sp e c i e s  Con . (%) Growth Rat ea % o f  G rowth 
0 0.1 8 4  100 
10 0 . 1 5 1 82 
D .  25  0.1 3 6  7 4  
er t io 1 e c ta 50 0 . 1 3 4  7 3  
7 5  0 . 1 32 7 2  
100 0 . 1 3 3  72 
0 0 . 226 100 
10 0.208 92 
c .  2 5  0 . 204 9 0  
5 0  0 . 206 9 1  
7 5  0-206 9 1  
100 0_206 91  
0 0 . 21 3  100 
10 0 . 21 1 9 9  
P. 25 0.208 9 8  
50 0 209 9 8  
7 5  0 . 1 9 9  9 3  
100 0 . 1 8 8  8 8  
a .  Numb er o f  do ub 1 ing s  per  ( Monad, 1 9L�9) . 
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Fi g . 3. Effe c t  o f  d i f f erent c onc ent r at ions of  b ac t erial 
de gradat i on p roduc t s  o f  die s el oi l on the growth 
of D. t ertio l e c t a. Growth i s  exp r e ssed as a 
p e rcentage o f  t he c ontr ol. 
a = eff luent c o l le c te d  aft er 1 w e ek . 
�- = effluent c o l le c t ed after 2 we eks . 
o = e ffluent c oJ..l e c te d  aft e r  3 we eks. 
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Tab 2 .  Effe c t  of different c on c entrat ions o f  b a c t er ial 
d egradation p roduct s of di e s e l  o i l  on the gr owth 
of D .  t ertiolecta. 
Effluent Con . ( %) Gr owth Rat ea % o f  Gr owt h 
0 0 . 1 9 1  1 0 0  
10 0�1 8 1  9 5  
rb 
2 5  0. 1 8 7  9 8  
5 0  0 . 2 0 0  1 0 5  
7 5  0.1 9 5  1 0 2  
1 0 0  0 . 2 0 4  1 0 7  
0 0 . 1 9 1  1 0 0  
1 0  0 . 1 9 6  1 0 3  
I Ib 
2 5 0 . 2 2 4  1 1 7  
5 0  0 . 2 2 5 1 1 8  
7 5  0.2 4 7  1 2 9  
1 0 0  0 . 2 4 8  1 3 0  
0 0 . 1 9 1  1 0 0  
10 0 . 219 1 1 5  
2 5  0 . 2 2 6  1 1 8  
5 0  0 . 2 2 8  1 1 9  
7 5  0 . 2 4 0  1 2 6  
1 0 0  0 . 2 4 8  1 3 0  
a .  Numb er o f  doub l ings p e r  day ( Mo nad, 1 9 4 9) 
b .  I = eff l uent c o l l e c t ed a f t er 1 week . 
II = effluent c o ll e c t ed after 2 weeks . 
I = effluent c o l l ect aft er 3 we eks . 
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Fig . 4. Effe ct of di f f erent c onc entrat ions of bac t erial 
degr adat i on p r oduc t s  of die s e l oi l o n  the growth 
o f  C. autotrop hic a .  Growth is expre s s ed a s  a 
p e rce nt age of the c ont r o l  .. 
a = effluent c o l l e cted after 1 we ek . 
� = e ffluent c o l le c t ed after 2 we eks . 
o = e f fluent c oll e c ted aft e r  3 weeks . 
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Tab 3. Effe c t  o f  differ ent co nc entr at ions o f  b a c t erial 
degradat ion pr oduc t s  of dies  oil  o n  the growth 
of C .  a utotrop h i c a. 
Effluent Con . ( %) Growth Rat ea % o f  owt h 
0 0. 2 0 9  1 0 0  
1 0  0 . 2 2Lf 1 0 7 
rb 2 5  0 . 235 1 1 2  5 0  0 . 2 3 4  1 1 2  
7 5  0 . 2 3 4  1 1 2  
1 0 0  0 . 2 3 8  1 1 4  
0 0.2 0 9  1 0 0  
1 0  0 . 2 4 2 1 1 6  
IIb 2 5  0 . 2 4 5 1 1 7  5 0  0 . 2 3 6  3 
7 5  0 . 2 4 0  5 
1 0 0  0 . 2 4 7  1 1 8  
0 0 . 2 0 9  1 0 0  
1 0  0 . 2 3 7  
IIIb 2 5  0 . 2 5 1  1 2 0  5 0  0.2 7 1  1 3 0  
7 5  0 . 2 6 8  1 2 8  
1 0 0  0 . 2 6 4  1 2 6  
a .  Numb er o f  doub l ings p er day (Mo na d, 1 9 4 9) .  
b. I = e f fluent c o l l e c t ed aft er 1 week . 
I I  =,e f fluent c o l l e c t  after 2 we 
I = e ff luent c oll e c t ed aft er 3 we e ks. 
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Fi g . 5 .  Effect of different concent ra t i ons  of ba c t eria l  
degradat ion p r oduc t s  o f  di e s el oil o n  the gr owth 
of  P �  c ornu t um .  Growth is  expr e s sed a s  a 
p e rcentage of the c ontrol. 
a= e ff luent c o  c t ed aft er 1 we ek. 
� =  e f fluent c o l lecte d  afte r 2 we eks. 
o =  e ff luent col l e c t ed aft er 3 we eks. 
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Tab l e  4 .  Effe c t  o f  differ ent c on c e ntrations o f  b a c t er i a l  
degradat i on produ c ts o f  d i e s e l o i l  on t h e  growth 
a. 
b .  
I Ib 
rb 
of tr i c or nut um. 
C on . ( % ) Growth Rat ea 
0 0 . 2 2 0  
1 0  0 . 2 3 1  
2 5  0 . 2 3 7  
5 0  0 . 2 2 9 
7 5  0 . 2 2 7  
1 0 0  0 . 2 3 8  
0 0 . 2 2 0  
1 0 0 . 2 3 6  
2 5  0.2 4 0  
5 0  0.2 3 8  
7 5  0 . 2 5 0  
1 0 0  0. 2 5 5  
0 0 . 2 2 0  
1 0  0 . 2 3 7  
2 5  0 . 2 5 5  
5 0  0 . 2 5 5  
7 5  0 . 2 5 5  
100 0 . 2 6 3 
% o f  Gr owth 
1 0 0  
1 0 5 
1 0 8  
lOL� 
1 0 3  
1 0 8  
1 0 0  
1 0 7  
1 0 9  
1 0 8  
4 
1 1 6  
1 0 0  
1 0 8  
1 1 6  
6 
6 
1 2 0  
Numb er of doub l i ngs p er day ( Mono d, 1 9 4 9) .  
I = e ff l uent c t aft e r  1 week. 
:::::: luent c o l l e c t e d  er  2 we eks . 
I = effluent c o  c ted aft er 3 w e eks. 
2 8  
Tab l e  5 .  E f fe c t  o f  d if fer ent c onc entrat ions  o f  b a c t eria l  
degradation produc t s o f  d i e s e l  o i l  o n  t h e  gr o wth 
of D .  tertio l e c t a in darkn e s s . Data a re expr e s s  
a s  O.D. val u e s  ob ta ined a ft er 0, 6,  and 1 2  day s 
fo l l owing i no culat i o n . 
Effluent 
Time ( da;y ) 
Con . (% ) 0 6 
0 0 . 1 0 . 0 7 8  
2 5  0 . 1  0 . 0 7 7  
5 0  0 . 1  0 . 0 7 6  
1 0 0  0 . 1  0 . 0 7 8  
0 0 . 1 0 . 0 7 8  
2 5  0 . 0 9 6  0 . 0 7 7  
5 .0 0 . 1  0 . 0 7 5  
1 0 0  0 . 1  0. 0 7 5  
0 0 . 1  0 . 0 7 8  
25 0 . 1  0 . 0 7 5  
5 0  0 . 1  0 . 0 7 7  
1 0 0  0 . 1  0 . 0 7 3  
a, I � e ffluent co l l e c t ed aft er 1 week. 
1 2  
0 . 0 7 8  
0 . 0 7 0  
0. 0 6 9  
0 . 0 7 0  
0. 0 7 8  
0 . 0 6 8  
0 . 0 6 9  
0 . 0 6 7  
0 . 0 7 8  
0. 0 7 0  
0 . 0 7 0  
0 . 0 6 8  
I I  � e fflue nt c o l l e c t e d  a ft er 2 weeks. 
I � eff luent c o l l e c t ed a ft e r  3 weeks . 
Tab l e  6 .  Effe c t  of different c onc entr at ions  o f  b a c t eria l  
degradation produ c t s  o f  di e s e l oil o n  the  growt h 
of Q. auto trophica in darkne ss. Data are ex­
pr e s s ed as O. D. va lue s ob t ained after 0 ,  6 ,  and 
12 days fo l lowing ino c ulat i o n . 
Effluent Con. 
0 0 . 0 7 1  0 . 0 6 2  0. 0 5 9  
a 2 5  0 . 0 7 1  0 . 0 6 0  0 . 0 5 8  I 5 0  0 . 0 7 1  0 . 0 6 0  0 . 0 5 8  
1 0 0  0.0 7 0  0 . 0 6 0  0.0 5 5 
0 0 . 0 7 1 0 . 0 6 2  0 . 0 5 9  
2 5  0 . 0 7 0  0. 0 6 0  0. 0 5 7  
5 0  0 . 0 7 0  0. 0 5 9 0 . 0 5 7 
100 0. 0 7 1  0. 0 5 9  0 . 0 5 6  
0 0 . 0 7 1  0 . 0 6 2  0 . 0 5 9  
II I a 
2 5  0. 0 7 1  0 . 0 5 9 0 . 0 5 6  
5 0  0 . 071 0 . 0 5 8  0 . 0 5 6  
1 0 0  0. 0 7 0  0. 0 5 9  0 . 0 5 7 
a .  I = e ffluent c o l le c t ed aft er 1 we ek. 
II = e ffluent c o l l e c t e d  a f t e r  2 we eks . 
III = efflu ent c o l l e c t ed after 3 we eks . 
2 9  
3 0  
Tab 7. Eff e c t o f  di f fer ent c onc entr at i o n s  o f  b a c t eri a l  
d e gr adat i on produc t s  d i e s e l  o i l  on the  growt h 
of P. tr i c ornutum in darkne s s . Dat a  ar e e xpr e s s ed 
as O.D . valu e s obt ained aft er 0 ,  6 ,  and 1 2  day s 
llowing ino c ulat ion. 
Effluent Con . ( % ) 
0 0. 0 6 8  0. 0 6 0  0. 0 6 0 
ra 
2 5  0. 0 7 0  0.0 5 8  0. 0 59 
5 0  0.0 7 0  0.0 6 2  0. 0 59 
1 0 0  0. 0 7 0  0.0 59 0. 0 5 6  
0 0. 0 6 8  0. 0 6 0  0. 0 6 0 
II a 
2 5  0.0 69 0 . 0 6 0  0.0 59 
5 0  0.0 7 1  0. 0 59 0.0 6 0  
1 0 0  0. 0 6 8  0.0 59 0.0 5 7 
0 0. 0 6 8  0. 0 6 0  0. 0 6 0 
III a 
2 5  0. 0 7 0  0. 0 59 0.0 6 0  
5 0  0 . 0 71 0.0 59 0. 0 5 8  
1 0 0  0. 0 7 0  0. 0 59 0 . 0 5 8  
a .  I = e co c t ed er 1 we ek. 
II ::::: c o lle c t  e r  2 we eks. ::::: e f fluent c o  t e d  a ft er 3 weeks .. 
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ION 
Effe c t  of di fferent c once nt rat i ons  of wat er 
s olub l e  extra c t  of di e s el oil on 14c uptake 
by P .  trtcornutum . 14c up t ake i s  expre s s ed 
a s  a p er cent age of the c ontro l. 
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Fig .  7. Effec t of different c onc e ntrations of bac t er i a l  
degradat ion p roduc t s  of di e s el o i l on 14 c up t ake 
by P. t r i c ornut um. 14c up t ake i s  expr e s sed as 
a p er c ent age of the cont r o l . 
a = e ff luent col lec t e d  aft er 1 w e ek . 
. lf = e f fluent c o l le cted aft .er 2 we eks.  
o = e ffluent col l ect e d  aft er 3 we eks. 
3 3  
'rab l e  8 .  Effe c t  of d i ffer e nt c onc entrat i on s  o f  wat er 
s o lub l e  extr a c t  and ba c t er ial d e gradat i o n  
produ c t s  o f  d i e s e l  o i l  o n  1 4 c uptake b y  P .  
tr i c or nutum . 
Tr eatment Con . ( % ) 
l 4 c Up takea % o f  l 4 c Up t ake ( c o unt/min- 0 . D. ) 
0 3 1 1 8 0 0  1 0 0  
1 0  29 3 56 7  9 4 
WSEb 
2 5  2 5 4 6 4 4  8 1  
5 0  2 5 4 8 8 7  8 1  
7 5  19 2 3 49 6 1  
1 0 0  1 79 4 4 2 5 7  
0 3 1 1 8 0 0  1 0 0  
2 5  3 19 7 5 2  1 0 2  
5 0  3 2 6 1 7 7 1 0 4  
1 0 0  3 4 0 0 3 2  1 09 
0 3 1 1 8 0 0  1 0 0  
rrb 
2 5  29 1 5 1 7  9 3  
5 0  3 8 29 6 3  1 2 2  
1 00 3 8 1 2 5 4 1 2 2  
0 3 1 1 8 0 0  1 0 0 
rb 
2 5  3 2 09 2 2  1 
5 0  3 5 0 5 8 2  2 
1 0 0  39 3 1 39 1 2 6  
a .  Rad io a c t ivit y  c o unt s hav e  b e en corr e c t enc e 
i n  O . D. 
b .  WSE = wat er s o l ub le t .  
I = e ff l uent c o l l e ct ed er 1 we ek 
II = effluent c o  c t ed aft er 2 weeks . 
I = c o l l e c t ed a ft er 3 we 
3 4  
Tab l e  9 .  Res u l t s o f  St udent ' s  pair ed t - t es t  for t he e ff e c t  
o f  wat e r  s o lub l e  extrac t o f  di e s e l  o i l  o n  gr owth 
r a t e s . Da t a  expre s s e d ar e c omp ut ed t value s .  The 
t ab l e  t val ue for 2 3  df i s  1. 7 1 4 for t he one t a i  
5 %  probabili t y  l eve l . 
Con . 
(% ) t ert i o l e c t a  aut otroph i c a tr i cor nut um 
1 0  6. 5 0 9** 5. 3 2 0** 8. 0 5 6** 
2 5  6. 3 1 4** 4. 1 1 1** 8. 2 2 1** 
5 0  6. 2 6 6** 4. 9 6 9** 1 0. 1 1 7** 
7 5  6. 2 2 8** 5. 24 3** 1 0. 3 5 7** 
1 0 0  6. 2 0 4** 5. 2 8 2** 1 0. 4 1 4** 
Tab l e  1 0. Re s ult s o f  Student ' s  p a i r ed t-t e s t  for the e ffec t 
o f  ba c t er ia l  degr adat i o n  produ c t s  o f  d iesel o i l  
o n  growth r at e s  o f  D .  t er t io l e c t a. Dat a  expr e s s  
ar e c omput e d  t value s .  The tab l e  t value f or 1Lr 
d f  i s  1. 7 6 1  for t he one t ai l e d  5% pr o b ab i l i t y  
l eve l. 
Effluent 
-0. 4 5 6  
2. 4 1 1  
2 . 749  
- 0. 97 0  
3. 0 7 0** 
2. 6 3 2** 
** = highly s ignifi c ant . 
- 1. 4 2 4 
3. 7 9 9** 
2e2 8 3** 
a. I = e ffluent c o l l e c t ed aft er 1 week. 
- 0. 5 0 0  
4. 3 9 7** 
3. 8 5 1** 
= e ffluent c o  c t ed aft er 2 weeks . 
I = effluent c o ll e c t e d  aft e r  3 we eks 
1�468 
6� 7 83** 
5�9 20** 
3 5 
Tab 1 1 . Re s ul t s o f  St ud ent ' s  p a i r ed t-t e s t  for the e ffect  
of  ba cter i a l  degradat ion pr odu c t s  of d i e s e l  o i l  
o n  gr owth r at e s  o f  C .  aut o tr ophi c a . Data e x­
pr e s s ed ar e c omput e d  t va lue s . The t abl e t v alue 
for 1 4  df i s  1 . 7 6 1  for the  one t ai l e d  5% pr oba­
bi l i t y  leve l . 
Effluent 
1 5 . 7 3 5** 
1 9 . 3 4 9** 
1 2 . 6 5 1** 
1 7 . 3 6 3** 
18 . 8 0 0** 
1 2 .. 08 9** 
2 2 . 0 2 0** 
1 5 . 3 6 9** 
1 3 . 286** 
2 4. 5 1 6** 
2 0 . 2 58** 
18 . 5 7 0** 
3 1. 6 1 9* 
1 5 . 0 7 4** 
2 5 . 3 9 3** 
Tab l e  1 2. Re sult s o f  Stud ent's p a i r e d  e s t  t 
o f  ba c t er i a l  degr a dat ion produc t s  o f  d i e s e l  o i l 
o n  gr owth r at e s  o f  P .  t r i c ornut um . Da t a  exp r e s s ed 
are c omput ed t va lue s . The tabl e  t value f o r  1 4 
df i s  1 . 7 6 1 , 8 df i s  1 . 8 6 0 , and 5 df  i s  2 . 0 1 5  
the  one t a i  5% pr obabi l it y  l eve l . 
4 . 7 5 3** 
1 0  9 9 0** 
7 . 6 7 9** 
* = signifi c ant . 
2 . 2 3 3* 
6 . 2 2 1** 
6.4 0 4** 
** = highly s i gn i fi c ant 
+ ;::.:; 8 df . 
# = 5 d f. 
- 0 . 2 98+ 
2 . 88 9+* 
8 . 1 4 9** 
a .  I = e ff luent c o l l e c t ed a ft er 1 we ek. 
= effluent c o l l e c t ed er 2 weeks.  
I = e ffluent c o l  t ed er 3 we eks . 
0 . 9 4 2# 
5 . 1 0 9#** 
2 . 8 2 2+* 
3 6  
Tab le 1 3. R e s ul t s  of Student ' s  t-t e s t  for the effe c t s  o f  
wa t er solub l e  extrac t and b ac t erial  degr adat i o n  
produ c t s o f  d i e s e l o i l  o n  1 4 c up t ake by  P .  t r i­
c ornutum . Dat a expr e s s ed ar e c omput ed t-value s .  
The t ab l e  t value for 2 d f  i s  2 . 9 2 0  for the o n e  
t a i l e d  5 %  p robab i l i t y  lev e l . 
Tr eatment 
- 0. 4 3 5  
* = s i gnifi cant . 
- 1. 3 7 4 
0.1 6 0 
0. 4 38 
0. 2 2 0  
a .  WSE = wat er s o lub l e extr a c t. 
- 1. 288 
0. 3 0 3  
1.68 7 
0.8 98 
I = e ffluent c o ll e c ted aft er 1 w e e k . 
II = effluent c o l l e c t ed aft er 2 w e eks . 
III = e f fluent c o l l e c t ed aft er 3 weeks . 
- 3. 1 1 1* 
0.6 1 7  
1. 688 
1.8 5 1  
DISCUSSION 
The inhib i t ory ef ct  of t h e  wat er s o lub le  fra c t i o n  of 
di e s e l  o i l  o n  marine phyt o p l ankt on growth fo und i n  thi s s t  
agr e ed wit h  t he major b io l o gic a l  r e s ear c h  t hat has b e e n  d one 
wi t h  differ ent t yp e s  o f  o i l  and o i l  frac t i on s  ( G a l t soff e t  
. ,  1 9 3 5; Lac aze , 1 9 6 9; Nuzzi , 1 9 7 3) .  
Gal t s o ff e t  al . ( 1 9 3 5 ) no t e d  t hat the wat er s o lub l e  c om­
ponent s of P e l t o  c rude oi l extr a c t  exert ed a r e t ar ding e 
on growth of Nitzs chia at a c onc ent rat of 
2 5% and higher. Lac aze ( 1 9 6 9 ) t e s t e d  1% wa t er s o f  
Kuwait crude o il on P .  and ob a 1 0% r 
t ion c l growt h . Nuzzi (1 9 7 3) det ermine d the e ct  o f  
water s o lub l e  t s  o f  No . 2' · and No . 6 l and 
b oard mo t or oil o n  the gr owt h of Chl or e l l a  �., 
and Wat er s o  1 
s s tan c e s  extr a c t e d  f rom No. 2 fue l o inhib c omp l e 
gr owth o f  a l l  the t e s t  organi sm s , exc ep t  domonas 
, whi t s  from No. 6 fuel  o i l  out b o ar d  
o had lit t le effe c t  o n  the  growth of t he s e  phy t o-
P e r s .  
Gal t s off e t  (1 9 3 5) e d  a s t imulat ing 
t he owth of  p hy t  l ankt on low c one 
s o  t o f  c rude o i l . e c t  wa s 
c ultur e s  cont aminat with lar ge growths of b a c t  
c o nt aminat may have b e en r e s p ons ib l e  
c t  on 
o f  wat er 
in 
Thi s 
t he b a c t  
s t imulat 
Ob s 
e ffe c t  ob s erve d  b y  s e  inve s t igator s .  
by r e s earcher s working i n  e 
38 
normal ly e d  t damage t o  marine phy t op lankton b y  
an oil s p ill (Smit h ,  1968; Ko lpac k ,  19 7 0) .  But l er and B e rke s 
(1972) not ed t hat the lac k  of evidenc e of c e  damage  t o  
phytoplankton may b e  p art ly exp lained b y  the s t i c al and 
t e c hni c a l  cultie s a s s oc iat e d  wit h plankt on re s e arch i n  
lab 
c 
eld, The p re s ent inve s t igation done ent ire l y  t h� 
ory d emons trat e s  t hat wat er ext rac t of d i e s  o i l  i s  
e of inhib i t ing t he gr owth o f  s ele ct e d  mar ine phy t o-
pl ankton. Whe t her t h i s happens in the env ironment at any 
t ime or place is no t wit hi n  r ea lm of thi s 
s t  , b ut c at e s  t he p o t  for i t  und e r  
cert ain c i ons«  A c c ording t o  S t r aughan ( 1972) b 
damage caus ed b y  an o i l  spi ll is go v erned b y  a c omb inat i o n  o f  
s ev eral t or s  ing: 
" ( 1) the t ype o 
(3)  the phys iography o 
( 4 ) weather c 
( 5 ) b a 
, ( 7 )  pr 
) 
o i l  c ont a i n s  
, (2) dose of  o i l , 
area o f  t he i l l , 
t ime of the  s p i l l , 
(6) t he s ea s on t he 
o f  t he area t o  o i l , 
s ,  ( 9) the 
t yp e s  o f  hydroc mo c 
, 0 , aromat i c s  e t  a l  
1971). s ol ub ili 
st udy , s ome pre s ent in wat er 
wer e ifi ed . Addi.t hydro c arb ons 
wat er. s 
s o i  
t t h e  ex-
were no t ident ed b e c aus e of the la ck of known com-
par at sub s tanc e s . B oyl an and Tri pp (197 1) found s ea-
wat er t of Kuwa o i l  kero s ene c o nt 
most ly b en z en e s  naphthal e n e s  i n  t he l o w  b o i  range o f  
80-26 C .  By s praying pur e  hydrocarb ons o n  p s ,  s 
(1950) s h owe d tha t  aromat s r anked h i ghe s t  in t o x i c ity , 
t henes and o fins wer e next , whi l e s t raight paraffins wer e 
found lea s t t c t o  p lant s . 
3 9  
To the  knowl edge o f  t hi s  i nve s t igat or, no r e s ear ch e xi s t s  
o n  the e ffe c t s  o f  the b a c t er i a l  degr adat ion p rodu c t s  of o i l  on 
marine phytop la nkt on . the p r e s ent s t udy , b act e r i a l  d e gra­
dat i on pro du c t s  of di e s e l o i l  s t imulat ed t he gr owth o f  p hy to-
plankt on . The  gro wt h  of  Duna l i e l la t er t io l  Chlor e l l a  
auto trophi c a , and Pha e odacty l um tr i c ornutum in t h e  l i ght wa s 
e nhanc e d  b y  the o i l  d e gr adation pr oduct s. The e f f l uent s of 
o i l  degradat i o n  c o l le c t ed at o ne , two and t hr e e  we eks  c au s  
diff er ent degr e e s  of growth s t imula t i on . Among t he thr e e  
fluent s c o l lec t ed , the effluent o b t ained a f t er t h e  1 st we 
s howed t he l ea s t  s t imulat ing ct on the gr owth o f  t he a 
gae . However , cultur e s  gr own 
aff e c t  
t h e  dark wer e no t s imi 
There ar e a numb er of e xp lanat i o ns the gr o wth s t  
ulat ment The p o s s ib i l ity s 
cr e a s e d  growth may have r e s u l t e d  t h e  a l gal up t ake o f  
nut r i ent s u s e d  for c o nt inuo us c ul t ur e  of o i l  
degrading b a c t Thi s  wa s o ut b y  t he r e s ul t s  o f  a 
p i lot s t udy whic h showed tha t t he i norgani c  nutr i ent s  o f  t he 
b ac t er med i um s t imulat e a lgal gr owth . 
Nut r i ent s c ould have a l s o  b e en c ontr i b ut ed the a 
medium b y  the l iving and dead o i l  d egrading b a c t e r i a . S e 
nit rogen and p ho sphorus wer e  pr e s ent in t he bac t er medium 
t he quant it s o f  the s e  element s r e  e d  b y  the l iving 
t thems e s should b e en n e g l igib 
40 
t hr oughout t hi s s t udy t he ba c t er ial p opula t i o n  s i z e  ut i z  
i n  the d e gradat i on o f  t h e  di e s e l  o i l was  kept as c on s tant a s  
pos s ibl e ( Pr i t c hard and S t arr , 1973). S inc e the bac t erial  
populat s i z e  r emained c o ns t ant , the c ont ribut i o n  of 
ent s to the eff l uent s  by living and d ead bac t er ia r emained t he 
s ame ov e r  the  3 week perio d . If alga l  growth wer e s t imul a t ed 
by the nutri ent s r e l e a s e d  from the ba c t er i a , t hen t her e 
no t have be en a d iffer e nce in the ext ent of incr ea s ed gro w t h  
r e s  ing from degr adatio n  pro du c t s  c o  c t e d  a t  diffe r ent 
St another pos s that the s e  a l gae may b e  
ab to ut i the a lkane r e s idu e s  from the d e c omp o s ed o i l . 
has b ee n  r e p or ted t hat and two 0-· 
e s  o f  Sc enede smus b r e v i c auda s howe d  imp r oved growt h i n  the 
a medi um c ont a ining n-heptad e c ane ( Mas t ers 
1971). The s e  
hy'dr o c arbons . 
A 
t igat ors  a l s o  s ugge s t ed t hat many 
c onta in s c apable 
p o s sibi t h e  
m e t abo z 
c an grow 
pr s 
o-
erot�oph�cally on 
o i l , mo s t  pr ob ab ly fat ty a c id s . Barker (1935) f o und t hat 
the  c o lor le s s  a l ga , Pr o t othe c a  grew o n  a l l  
s chain fat ty ac i ds from c 2 e tat e) C1o 
and My e r s  (1958) r ep or t ed tha t  ac e t a t e  can s :fu.pport c o nt 
gr owth o f  s o dea 
s s . A c e t a t e  a l s o  s uppo r t e d  the het ero t rophi c growth 
( Lewin , 1954). P .  tr i c o rnut um s ome 
o t her s p e c i e s  of marine phyt o p l ankt on have be en obs t o  
grow phot 
1 970 ) . 
ero t rophi c al ly o n  glyc ero l  ( Ch eng and Ant i a , 
Add i t ional work i s  ne eded t o  aseertain s p e c i fi c  alg a l  
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ut i zat i o n  o f  hydr o c ar bons and o i l  d e gr ad at ion p ro duct s ,  
t i cular ly the fat ty a c i d s . I f  algae have t he abi l i t y  t o  met a­
be z e  hydr o c arbons or t he mi crobi a l  d egradat ion produc t s , 
there i s  a p o s s ibi l i t y  t hat t he y  can a s s i s t mi cro organisms and 
pro vide s ome r e  ef t o  o i l  p o l lut i o n  i n  the  aquatic envir o n­
ment .  
( 1 9 7 1 ) s t at ed that the s it u  a lgal b Strand e t  
a s s ay ut i z ing 1 4 c t e chnique s ent ed a rap i d  s en s i -
t way t o  a s s e s s  the  e ffect o f  d i s c harged o i l  o n  p hy t op 
t on. The s e  inv e s t igat o r s  us e d  the  1 4 c met ho d  to s t udy 
feet o f  an emul s ion o f  c rude o i l  and cal d e s p  s ant on 
pho t o s ynthes i s of nat ural marine p hytop lankt on c ommuni-
t s .  They fo und an  i nhib o ry c t  on p ho t o synt he s i s  
high c o ne l ev e l s  the emu l s  ' and a s t  
e at  low c o nc entrat ion s G ordon and Pro us e  ( 1 9 73) 
high c o ne of 
e d  pho t o s ynthe s o f  mar on , 
c one ion s s t imulat e d  o f  1 4 c 
phy t op lankt on c ommuni t i e s. s e  s t  s 
e d  pho t o synt hes i s  might be due t o  
pas s l e  growth-r e gulat ing c ompo unds i n  the 
no t ed that und er t he c o ndit ion inve s t i gat ed No . 2 
mor e t o x i c  
Vene zue 
the 
mar ine p hy t oplankt on t han was No 6 
c rude. 
ent s t udy, a high c o n c entrat 
oil 
whi le l ow 
by nat 
st  that 
s enc e 
1. They 
1 wa 
1 o i l  or 
wat er s o  
ub 
L� 2 
extrac t of e s el oi l cau s  a s reas e 
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lat i on i n  ce l l  membrane s ( Marshland , 19 3 3 ;  Van Overbeek and 
, 1 954;  Gol dacre , 19 6 8). A s imi l ar di s rup t ion of t he 
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SUMMARY 
Pre liminary lab o r a t ory s t udi e s  r evea l e d  tha t  p ure d i e s e l 
o i l  int er fer ed wit h  t he s p e c t ropho t ome tr i c  meas urement s r e ­
qui r ed for thi s inve s t i ga t i on . To s o lve t h i s  prob l em a wat er 
t of t he di e s  fuel was u s ed i n  p la c e  o f  t h e  o i l  s 
To d e t ermine the  r e lat ive t ox i c i t y  o f  t he wat er extrac t 
and the mi c r o b  degradat i on produc t s  o f  t h e  d i e s e l fue l , an 
a s s e s sment of the  e ffe c t s  o f  o i l  p o l lut i o n  on the gr owt h  a nd 
p ho t o s ynthe s i s  of  mar ine phyt op 
lab or at ory.  Thre e spec  s o f  mar 
on was c onduc t  
___ ___.,___ __ and 
were emp loye d  for t he gr owth s t ud i e s . The c ommon mar 
t om ,  
pho t o s ynthe t i c  s t udi e s . 
Laborat o ry data p r o vided evidenc e t hat wat er 
t of 1 gr owt h o f  1 
c i e s  o f  mar ine phyt o p l ankt on t e s t ed . D .  t er t i a 
g e  e d  gre en , wa s the mo s t  a f f e c  s p e c i e s .  
i n  t he 
s o  
s p e-
a 
Wit 
t he c o n c entrat i on r ange s ' growth o f  t s p e c i e s  was  
r a s  much a s  3 0% b e low t he c ont ro l . Tho ugh o b -
s ions u s  c at e  1 t l e  d amage t o  phyt o p lankt o n  
e 
an s p  1 , p r e s ent findings d emons chem-
c omp onent s s o i l  were t t o  s ome s p ec i e s o f  
p hyt o p l ankt on. 
The t of wat er s o lub l e  extr ac t on 1 4 c up t ake by P 
l ab o rat ory . A s t  t i c  
d epr e s s i.on p ho t o synt he s is o c  when wat er 
4 4  
extract a t  100% concent rat i o n  wa s us e d  in t h i s  s t udy . 
Gas - l i quid chromat o graphy wa s emp loy e d  t o  det ermine the  
chemical comp onent s pr e s ent in t he wat er s oluble extract o f  
di e s e l  1 - Thi s  chromat ogr aphic ana ly s i s , though i ncomp l e t e  
revea l s ome p araff i n s  were pr e s e nt in the  extract . 
The b iolo gica l  e ffect s o f  microbia l  d e gr adat i on pr o duct s 
o f  fue l o i l  is s t ill largely unknown . Thi s  s t udy r eve al e d  
tha t  t he bact degr adat i o n  pr oduct s o f  d i e s e l  fuel s t im-
ulated the gro wt h  o f  mar ine a lgae in the l i ght . E fflue nt s o f  
t h e  b act eria l  d e gr adat i o n  wer e co l lect ed we ekly for a p er 
o f  thr e e  weeks . The 2nd and 3r d we ek e ffluent s ed 3 t o  
30% increa s e  algal gr owt h wit hin t he concentr at i on r an g e  
t e s t ed . Gr owth s t udi e s  conduct ed . in darkne s s  clear ly s ho wed 
t hat the s e  e f flue nt s co uld no t s uppor t D. _t_e_r_t ______ __ 
c and P .  t r i  ornut um h e t er o t r ophical ly . ------��-- may be 
s p ecula t e d  that gr owt h s t imu lat i o n  obs erve d  in 
have r e s ult e d  fr om alga l  ut i z at i on o f  a lkane r e s i dues 
comp o s ed 1 or the bact er i al d egradat 
p o s s  the fat ty ac Addi t io na l  r e s  
a s cer t a i n  thi s p o s s ibi l i ty . 
product s ,  mo s t  
needed t o  
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